The US Centers for Disease Control and Prevention (CDC) uses a 7-component national surveillance system for influenza that includes virologic, influenza-like illness, hospitalization, and mortality data. In addition, some states and health organizations collect additional influenza surveillance data that complement the CDC's surveillance system. Current surveillance data from these programs, together with national hospitalization and mortality data, have been used in statistical models to estimate the annual burden of disease associated with influenza in the United States for many years. National influenza surveillance data also have been used in suitable models to estimate the possible impact of future pandemics. As part of the public health response to the 2003-2004 influenza season, which was noteworthy for its severe effect among children, new US surveillance activities were undertaken. Further improvements in national influenza surveillance systems will be needed to collect and analyze data in a timely manner during the next pandemic.
Over the past century, US systems to estimate the health burden associated with circulation of influenza viruses have grown from reporting of spikes in wintertime mortality in a few cities to an integrated surveillance system made up of many components, including detailed characterization of circulating viruses. By use of current surveillance data with national hospitalization and mortality data, models have been developed to estimate the annual burden of influenza. In addition, models have been used to estimate the possible economic impact and health care needs of future pandemics, by using data available from the 3 pandemics of the 20th century. This review describes current human US influenza surveillance programs and modeling efforts; their role in the public health response to both seasonal epidemics, caused by well-characterized influenza A and B viruses, and pandemics, caused by novel influenza A subtypes, is emphasized. (Veterinary surveillance will be discussed elsewhere in this supplement [1] .) The accompanying review by Monto et al. [2] examines how surveillance data have provided insight into the 3 pandemics of the 20th century and how they might assist preparations for a future pandemic.
CURRENT NATIONAL PROGRAMS
The Centers for Disease Control and Prevention (CDC) has developed a 7-component surveillance system that collects and reports weekly data concerning influenza activity, with a focus on the months of October through May (table 1) . The goals of the system include (1) determining the location and timing of influenza activity, (2) defining the types and subtypes of circulating influenza viruses, (3) detecting antigenic changes in circulating viruses, (4) tracking influenza-like illnesses, (5) determining rates of influenza-associated hospitalizations among children, and (6) tracking influenza-associated mortality [3, 4] .
These 7 complementary components are designed to Although the EIP and NVSN systems provide population-based estimates of the rates of laboratory-confirmed influenza virus infections from several geographic areas, they have thus far provided data only on children. Finally, current influenza-associated mortality estimates are made only on a national level, and region-or state-specific estimates are not routinely provided [3] . This review describes, in greater detail, some important features of existing US surveillance programs and how they are used nationally and internationally and provides an overview of several state-and organization-based influenza surveillance systems.
INTERNATIONAL USES OF US VIRAL SURVEILLANCE DATA
The ability to identify new strains of influenza viruses and describe their circulation has expanded in recent years. National virologic data are obtained through weekly reports from ∼75 World Health Organization (WHO) and 50 National Respiratory and Enteric Virus Surveillance System laboratories. Global viral surveillance involves 115 national influenza centers in 84 countries that analyze 175,000-200,000 samples and characterize 4000-8000 viruses annually. Viruses submitted for detailed antigenic and genetic characterization to WHO centers in Atlanta, London, Melbourne, and Tokyo are used in formulating annual influenza vaccines [4] . A recent initiative to strengthen the influenza surveillance infrastructure in Asia and elsewhere is expected to lead to enhanced viral surveillance and to provide a better early-warning system for viruses with pandemic potential [5] .
STATE-AND ORGANIZATION-BASED SURVEILLANCE PROGRAMS
Although all states conduct influenza virologic surveillance, funded in part by CDC, some cities, states, and other groups, such as the Veterans Administration and certain health maintenance organizations, have added additional influenza surveillance programs. For example, laboratory-confirmed influenza virus infections or hospitalizations have been made reportable conditions by some states [6] [7] [8] [9] (table 2) . In California, several surveillance programs are coordinated by the California Department of Health Services (CDHS) and provide more detailed local data ( [10] and J. Louie, personal communication). Two large health maintenance organizations, Kaiser Permanente Northern California and Kaiser Permanente Southern California, have well-developed influenza-reporting mechanisms, which contribute to the CDHS system, but also include additional health plan-specific features (R. Baxter, Kaiser Permanente, personal communication). Another example of expanded surveillance is in New York City, where the multipronged approach to influenza surveillance includes several unique elements. In this system, nosocomial and long-termcare facility outbreaks of influenza-like illnesses (ILIs) also have been incorporated into influenza surveillance. City laboratories provide weekly data on positive influenza test results, either by electronic transmission or in response to calls by the city surveillance coordinator. Syndromic surveillance for influenza in New York City includes tabulating emergency room visits for ILIs, sales of antiviral and over-the-counter influenza medications, and employee absenteeism at one large city agency ( [11, 12] and S. Harper, New York City Department of Health and Mental Hygiene, personal communication).
THE BURDEN OF INFLUENZA
Estimating the burden of influenza-related disease is useful for determining the risk of morbidity and mortality in different segments of the population, guiding vaccination programs, evaluating the use of diagnostic tests and antiviral drugs, and planning for seasonal epidemics and future pandemics. Efforts to understand the burden of influenza began more than a century ago in the United States, when Massachusetts began tracking influenza-and pneumonia-related deaths [13] . Modern data facilitate the appreciation of the persistent patterns first recognized more than a century ago. Overlaying graphs of the circulation of influenza viruses with those of pneumonia and influenza hospitalizations and deaths demonstrates that, when circulation of influenza A(H3N2) viruses peaked from 1990 through 2000, so did death and hospitalization rates for pneumonia and influenza (figure 1). The recognition of this fact underpins all efforts to estimate the impact of influenza. 
THE ROLE OF INFLUENZA-ASSOCIATED MORTALITY AND HOSPITALIZATION ESTIMATES IN ESTABLISHING THE BURDEN OF INFLUENZA
Mortality statistics were used to provide the most comprehensive record of the impact of the 1889-1892 and 1918 pandemics, because reports of influenza-related morbidity were sparse and not standardized. Massachusetts was a pioneer in these efforts and has maintained and published mortality rates continuously since 1887 [13, 14] . During the 1918 pandemic, inspectors from the Public Health Service conducted house-to-house surveillance for influenza, pneumonia, and deaths in 10 geographically diverse US cities with populations of 25,000-600,000, as well as in several smaller cities and rural areas [13] . In the surveyed populations, inspectors recorded basic demographic data on each individual in a household, along with whether each person had been sick with pneumonia, influenza, or suspected influenza since September 1918. They also recorded the numbers of rooms in each household and an impression of the family's economic status. This ambitious surveillance program documented the wide range of illnesses caused by the pandemic virus across the United States and suggested a relationship between crowding and increased attack rates. Massachusetts records demonstrated an ∼1-week lag between peaks in case incidence and mortality, a finding that has been noted in influenza epidemics and pandemics since this initial report [14] .
During seasonal influenza epidemics, the impact of influenza on annual death and hospitalization rates is more difficult to estimate. During interpandemic periods, the health effects of infection are usually less severe, the symptoms of infection are similar to those caused by other respiratory tract infections, illnesses consistent with influenza are often not confirmed by virologic testing, and influenza is rarely specifically recorded on death certificates [15] . Attempts to confirm influenza di-agnoses by testing for influenza virus have limitations, because many adults tested after 6-8 days of illness are no longer shedding virus and, hence, are likely to test negative [16] .
CONTRIBUTION OF STATISTICAL MODELS IN ESTIMATING THE BURDEN OF EPIDEMIC DISEASE
Because a broad range of respiratory and cardiac diagnoses have been associated with influenza virus infections and these infections are often not confirmed by virologic testing, statistical models based on vital statistics data have been used for decades to estimate the overall burden of influenza in the United States. Several different types of models have been developed to estimate this illness burden (table 3) . In general, the estimates from each of these models suggest that seasonal influenza epidemics from 1976 through 2000 were associated with substantial morbidity, including 1200,000 annual hospitalizations and an annual average of 130,000 influenza-associated all-cause US deaths. These estimates also highlight the increased morbidity and mortality in older age groups and the pronounced variability in disease burden between seasons. For example, the 1984-1985 influenza season was severe, with an estimated 50,789 influenza-associated deaths, compared with a season of moderate severity (1978-1979 season), when only 7608 influenza-associated deaths were estimated to have occurred [17] .
Several methods of estimating the "excess deaths" associated with the circulation of influenza viruses are based on a linearregression approach first developed by Serfling and published in 1963 [18] . Recently, Simonsen et al. [19] developed a Serfling-type linear-regression model to estimate underlying pneumonia and influenza and all-cause deaths on the basis of weekly death data from 1972-1992 collected by the National Center of Health Statistics (NCHS). The initial step in making estimates with models of this type involves removing the annual peaks in wintertime deaths. Then, by use of mortality statistics from several years (e.g., 5 years of data) with these seasonal peaks removed, a curve is fit to establish a sinusoidal baseline for the subsequent season (i.e., the number of deaths expected in the absence of influenza circulation). The excess deaths estimated to occur each season are defined as the numbers of deaths that exceeded a baseline (or "epidemic threshold") value during у2 consecutive weeks. A newer version of this type of model was developed in 2005 by use of a best-fitting curve derived from a subset of baseline values from 33 years of data [20] . Although neither of these models makes use of influenza virus surveillance data, their estimates of influenza-associated deaths are similar to those obtained from models that do incorporate viral data: ∼30,000 annual influenza-associated allcause deaths from 1976 through 2000 [18, 19] .
In Simpler models, based on rate differences, have been used for many years to estimate influenza-associated morbidity and mortality. In these models, influenza-associated outcomes are estimated by subtracting rates of events occurring during a baseline period from the rates occurring during an influenza period. Rate-difference models often make use of viral surveillance data, but only to establish periods of influenza circulation. For example, the influenza period can be defined as the period (in weeks) during which the proportion of respiratory tract specimens that test positive for influenza exceeds a preset threshold (e.g., 10%). A winter rate-difference model, first developed by Barker and Mullooly [21] , has been used to estimate influenza-related rates occurring from January through March. Izurieta et al. [22] estimated influenza-associated hospitalization rates among healthy children by use of a peri-season baseline period (the weeks during October-May when influenza circulation is uncommon but other respiratory viral pathogens are circulating) and a summer baseline period (weeks when circulation of all respiratory viruses is uncommon). In general, annual estimates of influenza-associated events made by use of summer baselines are substantially higher than those made by use of the Simonsen or Thompson model. However, estimates made by use of peri-season models, although often greater than those derived from either the Simonsen or the Thompson model, are highly correlated with estimates from these models [23] . Similarly, estimates of influenza-associated hospitalizations from all 3 of these models are roughly comparable [23] . Because the rate-difference models are simple and require fewer assumptions, they have been used in a wide range of situations. For example, rate-difference models have been used to make estimates of influenza-associated mortality by 5-year age intervals.
In addition to estimating influenza-associated mortality, Thompson et al. [24] used their models to estimate influenzaassociated hospitalization rates. Employing nationally representative monthly data from the National Hospital Discharge Survey and WHO influenza viral surveillance data from 1979-2001, they estimated influenza-associated hospitalizations for 4 sets of discharge diagnoses: primary pneumonia and influenza, any-listed pneumonia and influenza, primary respiratory and circulatory, and any-listed respiratory and circulatory hospitalizations. The age-specific hospitalization rates formed a J shape, in which the rates of hospitalization were high among children !5 years of age, declined for those 5-49 years of age, and increased among those у50 years of age, although not as steeply as mortality rates did. In terms of absolute numbers, the model estimates ∼20,000 hospitalizations for children !5 years of age and ∼40,000 hospitalizations for individuals у85 years of age, who are 6 times more likely to be hospitalized for influenza than are people in the 65-to 69-year age group. The need for age-specific estimates of morbidity and mortality will be great during a pandemic. For example, age-specific curves of hospitalization and mortality rates during the first wave of a future pandemic will be important in the prioritization of medical interventions. It is expected that supplies of pandemic vaccines will be limited during a first wave, but, as supplies of vaccine increase during second and possibly later waves, it will be important to prioritize groups at greatest risk of morbidity and mortality for early receipt of vaccine.
The 2003-2004 influenza season provided an opportunity to compare mortality estimates derived from statistical models with those obtained by an enhanced surveillance effort for influenza deaths among children. An estimate of an average of 92 influenza-related deaths among children !5 years of age, derived from the Poisson regression model [17] , was similar to the 96 deaths in that age group reported by state, local, and territorial health departments to the CDC during the 2003-2004 influenza season. This influenza season, which may have received more media attention than usual, provided a comparative opportunity, because it began early (in October in some states) and did not overlap substantially with the seasons for other viral respiratory pathogens in most areas, particularly respiratory syncytial virus [25] .
DEMOGRAPHIC TRENDS AND INFLUENZA-ASSOCIATED DEATH AND HOSPITALIZATION RATES
Examining demographic trends among the US population and patterns in influenza-associated mortality provides useful information concerning the future effects of seasonal and pandemic influenza. The substantial increases in the numbers of elderly people in the United States have important implications for planning. From 1970 through 2000, the number of individuals 65-74 years of age increased from 12 to 18 million, the number 75-84 years of age increased from 6 to 12 million, and the number у85 years of age increased from 1.5 to 4.5 million. These changes in demographics led to large differences in the numbers of deaths by age group in 1970 and 2000 (figure 2). Moderate increases in deaths among those 55-64, 65-74, and 75-84 years of age must be contrasted with the almost tripled estimated number of deaths among those у85 years of age [23] . These data help to explain the great burden of influenza documented over the past several decades in the United States ( figure 3 ). The continued aging of the US population also sug-gests that influenza-associated deaths can be expected to increase in the future. If the next pandemic is similar in its epidemiological profile to the 1957 and 1968 pandemics, it could be particularly devastating in the elderly.
SURVEILLANCE AND POLICY DEVELOPMENT
Seasonal influenza epidemics that are especially severe, or perceived as severe, may lead to the development of additional surveillance systems and the collection of new data and may subsequently lead to policy change. In the relatively severe and early influenza epidemic of 2003-2004, large numbers of deaths among healthy children were noted in a variety of reports. As a result, the CDC and state and local public health authorities implemented surveillance for childhood deaths associated with influenza. Through case reports, medical records, and autopsy reports received through state and local health authorities, a total of 153 deaths among children !18 years of age with laboratory evidence of influenza virus infections were reported to the CDC [25] . Forty-four (29%) of the 153 deaths occurred within 3 days of illness onset, and 72 (47%) occurred in children without evidence of underlying medical conditions [25] . Partly on the basis of these reports, the Council of State and Territorial Epidemiologists voted to make laboratory-confirmed influenza-associated deaths in children !18 years of age a nationally notifiable condition during the subsequent 3 years [26] .
Additional surveillance activities regarding children are now part of CDC's influenza surveillance system. These include reports of laboratory-confirmed influenza hospitalizations among children !18 years of age through the EIP sites and reports of hospitalizations and outpatient visits due to influenza virus infection among children !5 years of age through the 3 sites participating in the NVSN. Burden-of-disease data from the EIP and the NVSN have provided additional statistics to support the ACIP recommendation to expand annual influenza vaccination campaigns to include children 6-23 months of age and, subsequently, to include those 24-59 months of age [27] [28] [29] . Both surveillance systems are being used to conduct assessments of vaccine effectiveness in pediatric populations.
EVALUATION OF CURRENT SURVEILLANCE ACTIVITIES AND PLANNING FOR FUTURE NEEDS
The uses of influenza surveillance data extend beyond the estimation of the burden of seasonal disease. These data also contribute to decisions regarding the influenza strains selected for annual vaccine production, the use of antivirals, and groups for whom annual vaccination is recommended [30] .
Effective surveillance activities cannot be developed during a crisis, such as during a pandemic, but must be in place beforehand. Newer surveillance activities, such as tracking laboratory-confirmed influenza outpatient and inpatient visits among children, have enhanced our understanding of the epidemiological profile of influenza. Although the current US surveillance systems are reasonably effective for describing seasonal influenza activity, improvements are needed in influenza surveillance in anticipation of a pandemic. For example, more rapidly available data on hospitalization rates among persons of all ages would not only better describe the variable burden of seasonal epidemics but also improve current efforts to estimate medical surge capacity needs during a future pandemic. Plans are under way to evaluate the CDC's influenza surveillance system, with the assistance of the states that provide data and the Council of State and Territorial Epidemiologists. It is hoped that improvements to the current influenza surveillance systems will provide increasingly accurate estimates of the burden of influenza and help the United States to better prepare for a future pandemic.
